Introduction
In the effort of developing renewable energy sources, great interest has been directed towards hydrogen [1] production by electrochemical and photochemical splitting of water.
[2] Platinum complexes and colloids are commonly used to catalyse this reaction; [3] alternatively, complexes of cobalt, [4] nickel, [5] molybdenum [6] and, particularly, iron, [7] have been intensively studied. Dithiolate-based [FeFe] complexes, (μ-SR) 2 Fe 2 CO 6-x L x , are biomimics of the active site of the [FeFe]-hydrogenase enzyme, for which the rate of hydrogen production is the highest (6,000-9,000 s -1 ) [8] among the known hydrogenases. [9] Since the first crystal structures of [FeFe]-hydrogenase, [10] variation of the organic backbone (R) and the use of electron-donating ligands (L) allowed achievement of remarkable progress in reproducing the enzyme's catalytic activity. [11] Recently we have reported a study on plexes (imine 3 and amine 5) are more efficient in electrocatalysis of proton reduction than their sulfur analogues 2 and 4 with increasing concentrations of pTsOH. Molecular dyad 1 containing a peri-substituted naphthalene dithiolate Fe 2 (CO) 6 cluster covalently linked via an amine to ZnTPP is prepared through sequential zinc insertion into the porphyrin followed by iron insertion into the disulfide bond.
the contribution of aromatic backbones and chalcogens (SS, SeSe and SSe) to the redox properties of the [FeFe]-cluster. [12] As previously suggested, [13] the use of peri-substituted naphthalene and phenanthrene dichalcogen ligands allowed stabilisation of the catalytic intermediates and hence promoted hydrogen production. Furthermore, [FeFe] -hydrogenase analogues containing selenium [14] were confirmed to be more active towards proton reduction catalysis than their sulfur-based counterparts.
[FeFe]-hydrogenase synthetic mimics as catalysts for hydrogen production have also been investigated in photochemical systems. [15] Molecular dyads/triads, self-assemblies and bimolecular systems are the main strategies applied to design active catalysts for light-induced hydrogen production.
[15e] Related to the current work, Wasielewski reported molecular dyads and triads containing peri-substituted [FeFe] complexes covalently attached to the photosensitiser ZnTPP, via an imide at the 4-and 5-positions of the naphthalene, for light-induced hydrogen production. [16] The turnover number of hydrogen generated was 0.56, along with decomposition of the [FeFe]-cluster.
Following our interest in the chemistry of peri-substituted dichalcogenides [17, 18] and in the development of new and efficient [FeFe] -hydrogenase analogues, [12] we herein report the synthesis of ZnTTP-containing molecular dyad 1 and related imine/amine-substituted naphthalene-based [FeFe] complexes 2-5 ( Figure 1 ). As for the enzyme's active site, [19] nitrogen-containing linkers, proximal to the [FeFe]-cluster, have been chosen since they are protonated upon acid addition and, hence, provide the metallic centre with protons.
[11e] Spectroscopic and electrochemical properties of simple model systems 2-5 are reported and used for the initial studies into the synthesis of 1 as a potential catalyst for photocatalytic hydrogen production. 
Results and Discussion

Synthesis
The syntheses of model systems 2-5 are shown in Scheme 1. Refluxing 2-formyl-naphthalene 1,8-dithiole 6 [20] with a large excess of p-methoxyaniline in dry CH 3 CN gave the Schiff base 8 in excellent yield. [21] The known diselenole 7 [21] was converted to imine 9 using TiCl 4 as a catalyst and an excess of NEt 3 . [22] [FeFe] complexes 2 and 3 were prepared through oxidative insertion of Fe 0 into the dichalcogen bond by treating 8 or 9 with Fe 3 (CO) 12 in refluxing toluene and were sufficiently stable for isolation by column chromatography. Reduction of the imine double bond of 8 and 9 with a large excess of NaBH 4 [21] generated the corresponding amines which were reacted directly with Fe 3 -(CO) 12 to yield the novel [FeFe] complexes 4 and 5. [12, 23] Scheme Based on the synthesis of 2 and 3, we attempted to synthesise molecular dyads containing an imine-linker between the photosensitizer (porphyrin) and the catalyst ([FeFe] complex).
Reaction of tetraphenylporphyrin-amine (TPPNH 2 ) 10 [24] [25] [26] with Zn(OAc) 2 in refluxing pyridine followed by further reaction of the resulting ZnTPPNH 2 [27] with aldehyde 6 or 7, using a further excess of Zn-(OAc) 2 , [16a] gave the zinc-containing Schiff bases 11 and 12 in good to excellent yields. Following the synthetic sequence described for [FeFe] complexes 2 and 3, 11 and 12 were treated with Fe 3 (CO) 12 in refluxing toluene to afford the corresponding [FeFe] complexes (not shown); however, these were prone to degradation upon attempted column chromatography, with 1 H NMR spectroscopy and mass spectrometry showing both the formation of the expected [FeFe] complexes and the presence of the starting aldehyde (6 or 7) and ZnTPPNH 2 .
Reduction of the imine double bond in 11 and 12 could not be achieved in an analogous manner to 8 and 9.
[21] Consequently, aldehydes 6 and 7 were treated with 10 in refluxing toluene in the presence of catalytic La(OTf) 3 [28] to afford imines 13 and 14 in high yields. Reduction of imine 13 to amine 15 was successfully achieved using NaBH 3 CN and catalytic amounts of AcOH. [29] Metallation of the porphyrin core with Zn(OAc) 2 followed by oxidative insertion into the S-S bond of the naphthalene-1,8-dithiole gave the target [FeFe] complex 1 (Scheme 2). In contrast, attempts to reduce the double bond of diselenole 14 were unsuccessful. NaBH 4 [21] caused degradation of 14, whereas NaBH 3 CN, [29] NaBH(OAc) 3 [30] as well as hydrogenation [31] only resulted in recovered starting material. Consequently, the synthesis of the selenium-containing molecular dyad corresponding to 1 could not be achieved.
Scheme 2. Synthesis of molecular dyad 1.
Spectroscopic and Electrochemical Analysis of [FeFe] Complexes 2-5
[FeFe] complexes 2-5 were characterised by 1 H, 13 C NMR, IR and UV/Vis spectroscopy. Molecular structures of [FeFe] complexes 2 and 4 were also confirmed by X-ray diffraction.
1 H NMR spectra of 2-5 displayed the expected downfield shift of the aromatic protons compared with those of the corresponding ligands 8 and 9 associated with the insertion of the [FeFe]-cluster into the dichalcogen bond.
[12] 13 C NMR spectra showed one single peak at 207 or 208 ppm, assigned to the carbonyl ligands binding the iron centre in the dithiolate and diselenolate-bridged complexes, respectively. [12] The IR stretching wavenumbers of the carbonyl ligands are listed in Table 1 . As previously observed for related Fe 2 CO 6 complexes with aromatic dichalcogen ligands, [12,13a,13b,13f,13m] the absorption bands are all in the range 2070-1950 cm -1 .
[FeFe] complexes 3 and 5 display a bathochromic shift of the carbonyl stretching compared with the analogous dithiolate-based 2 and 4, confirming what has been previously observed. [12] The UV/Vis spectra of the [FeFe] complexes and the corresponding values for the extinction coefficient are reported in Figure S1 and Table S2 , respectively (Supporting Information).
The UV/Vis spectra of amine-substituted [FeFe] complexes 4 and 5 display intense bands in the range 210-260 nm, which are assigned to the naphthalene π-π* transition. The iron-carbonyls metal-ligand charge transfer (MLCT) or ligand-metal charge transfer (LMCT) absorbs in the range 310-410 nm, consistent with previous measurements. [12,13g,13m,32] Additionally, a weak absorption band is observed in the range 410-510 nm, which corresponds to the metal d-d transition. [12,13g,13m,32] Imine-substituted [FeFe] complexes 2 and 3 display a continuous absorption in the range 250-400 nm, due to the highly conjugated system. The iron d-d transitions of 2 and 3 are stronger than those recorded for the corresponding 4 and 5.
Molecular structures of [FeFe] complexes 2 and 4 were confirmed by X-ray analysis. [33] Crystal structures of 2 and 4 are shown in Figure 2 ; bond lengths and angles are listed in Table 2 . Crystal data and structure refinement details are described in Table S4 (Supporting Information).
Both amine and imine-substituted complexes possess a dithiolate-bridged [FeFe]-core which assumes the typical butterfly architecture with two iron centres linked to three carbonyl ligands in a distorted square-pyramidal geometry. [12,13f] The Fe-Fe bond length for each complex is comparable with those reported for the active site of [FeFe]- hydrogenase (2.6 Å), as is the bond length between each iron and sulfur (Fe1-S1 = Fe1-S2 = Fe2-S2 = Fe2-S2 = 2.3 Å in the enzyme). [10] The presence of an imino-or amino-group in position 2 on the naphthalene ring of 2 and 4 does not change the general structure of the complexes, which are comparable in bond lengths and angles with the data reported for similar compounds. [12,13f] The crystal structure of 2 contains two crystallographically-independent molecules, which are comparable in geometry. In both molecules the structure displays a trans geometry of the imine double bond. The phenyl substituent on the nitrogen is outside of the plane of the conjugated system by rotation around the N( Table 2 and Table S3 in Supporting Information.
The electrochemical properties of the amine and iminesubstituted [FeFe] complexes 2-5 were investigated by cyclic voltammetry. Based on our previous studies, [12] all the mea- 
- 25.7(14) 177.9 (16) surements were recorded in CH 3 CN at room temperature, using a three electrode-cell with glassy carbon as working electrode, Ag/AgNO 3 as reference electrode, and platinum as counter electrode. All the potentials were measured with respect to the ferrocene redox couple (Fc/Fc + ), which was used as internal reference. All the peak potentials and the corresponding half-wave potentials (E 1/2 ) are listed in Table 3 and cyclic voltammograms are shown in Figure 3 . [12] The first and the second reduction event result in a chemical decomposition (EC reaction), which reduces the amplitude of the return wave. This rearrangement is unlikely to involve fragmentation of the backbone because an oxidation peak is observed on the return sweep.
[13f,13g] In the case of [FeFe] complex 4, the peak separation of the first and the second reduction waves is similar to that observed for the Fc/Fc + internal redox couple, indicating reversible behaviour (fast electron transfer kinetics). In contrast, [FeFe] complexes 2, 3 and 5 displayed a weak oxidation peak on the return sweep, presumably meaning decomposition of the reduced product. The same observation can be made for the oxidation processes (except for the first oxidation of 4 and 5).
The first reduction wave of selenium-based [FeFe] complexes 3 and 5 occurs at less negative potential than the corresponding sulfur counterpart 2 and 4 (3 and 5: E 1/2 = -1.41 V vs. 2 and 4: E 1/2 = -1.44 V and -1.62 V, respectively) (Table 3) , consistent with previous analyses. [12] However, the presence of selenium might affect the stability of both reduced products, compared with the analogous sulfur-based complex. The amine-substituted dithiolate 4 is shown to be the most thermodynamically stable among the reported complexes, since both reductions are reversible ( Figure 3 ).
[FeFe] complexes 2-5 were investigated as proton reduction catalysts by monitoring their electrochemical properties upon addition of pTsOH (concentration 0.5 mm to 10 mm). [12] Cyclic voltammograms are shown in Figure 4 and Figure S5 (Supporting Information).
Imines 2 and 3 show the first reduction process shifted at less negative potentials than those recorded in the absence of acid (Table 3) . Notably, the first reduction wave moves cathodically from -0.7 V to -1.1 V (2) and from -0.5 V to -1.17 V (3), upon increasing the acid concentration from 0.5 mm to 5 mm. At higher concentration of acid (7.5 mm and 10 mm) this reduction wave becomes negligible. The shift in peak position of this first reduction process is independent of the acid concentration; however, the peak current increases linearly with the acid concentration. Upon increasing the concentration of pTsOH (from 0.5 to 2 mm), the second and the third reduction waves are slightly shifted towards more negative potentials. At higher concentration of acid, they are notably shifted towards more negative potentials and the peak current is significantly increased. [12] The first reduction peak of the amines 4 and 5 is shifted in the range from -0.5 V to -0.6 V only upon addition of 0.5 and 1 mm of pTsOH. This process is less defined than in the imine-substituted 2 and 3. At high concentration of acid, the second and the third reduction process follow what has been described previously for complexes 2 and 3.
As previously observed, [35] [36] [37] the first process may involve the reduction of the protonated [FeFe] complexes 2-5 upon addition of pTsOH. The introduction of a positive charge could explain the shift towards more positive potential compared with that recorded in the absence of acid. Protonation of the amino/imino substituent, proximal to the [FeFe]-cluster, is thought to decrease the activation energy of the Fe-H bond formation; hence, it favours proton reduction catalysis. [35] [36] [37] Protonation of complexes 2 and 3 is shown to occur at both low and high acid concentration, while for the amine equivalent 4 and 5 only at low concentration of pTsOH.
The proposed mechanism for the proton reduction catalysis of [FeFe] [35, 37] Amine-substituted [FeFe] complexes 4 and 5 follow the above mechanism at low acid concentration. At high concentration of acid, they follow the proton reduction mechanism described for similar naphthalene-based [FeFe] complexes. [12,13f] The efficiency of proton reduction catalysis of [FeFe] complexes 2-5 was evaluated in terms of E 1/2 -E°H A , [12] which gives a measure of the overpotential for the acid reduction to occur in the presence of the catalyst. Table 3 reports the values of 2-5 for pTsOH reduction. Diselenolatebridged [FeFe] complexes show lower values than their sulfur counterparts, suggesting they are more efficient catalysts towards proton reduction. This is consistent with the litera- ture [14] and with previous results. [12] The catalytic efficiency of [FeFe] complexes 2-5 was also estimated in terms of peak current increase ( Figure S8 , Supporting Information). [12] Only high concentrations of acid were considered, since the peak height is more markedly affected than at low concentration. Diselenolate-based [FeFe] complexes 3 and 5 give a bigger peak current increase than the equivalent dithiolates 2 and 4, but this effect is less predictable than that observed for previously reported complexes. [12] 
Spectroscopic and Electrochemical Analysis of Molecular Dyad 1
Following spectroscopic and electrochemical analysis of IR spectroscopy displayed three stretching bands at 2072, 2032 and 1982 cm -1 , which are assigned to the iron-bound carbonyl ligands. [16] [FeFe] complexes 4 (Table 1 ) and 1 showed comparable wavenumbers for the carbonyl stretching, suggesting that ZnTPP in the ground state does not significantly affect the [FeFe]-cluster.
[16a]
The UV/Vis absorption spectrum of 1 in Figure S3 (Supporting Information) shows one intense Soret band at 422 nm and two weak Q bands at 550 nm and 593 nm, respectively. [38] By analogy with the model system 4 (Table  S2 and Figure S1 in Supporting Information), the absorption band at 254 nm is assigned to the first naphthalene π-π* transition and those at 308 nm and 355 nm are assigned to the iron-carbonyls MLTC or LMCT.
In order to establish if the electron transfer is a thermodynamically feasible process, a cyclic voltammogram of 1 was recorded in CH 2 Cl 2 /CH 3 CN (7:3) using the same system set up for the analysis of 4 ( Figure 5 ). It displays two reduction waves at -1.72 V and -2.05 V (EЈ 1/2 = -1.65 V and EЈЈ 1/2 = -1.94 V), which are assigned to The first reduction of molecular dyad 1 occurs at less negative potential (EЈ 1/2 = -1.65 V) than the oxidation of the excited species ZnTPP* (= -1.74 V).
[15c] This suggests that the oxidative quenching of excited species ZnTPP* by the [FeFe]-cluster is thermodynamically favoured. [15] Furthermore, previous results on the catalytic proton reduction properties of 4, along with the spectroscopic and electrochemical similarities between 4 and 1, suggest that the reduced species of the [FeFe]-cluster in 1 is suitable for catalysing proton reduction and producing hydrogen.
Conclusions
In this report we describe a new strategy to obtain [FeFe]-hydrogenase synthetic mimics stabilised by peri-substituted naphthalene dithiolate or diselenolate ligands which also contain basic nitrogen functionality in close proximity to the catalytically active site.
[FeFe] complexes 2-5 have been shown to catalyse proton reduction. Protonation of the amino and imino groups under acidic conditions was detected with cyclic voltammetry. The synthetic strategy was extended to the preparation of a molecular dyad containing a tetraphenylporphyrinatozinc as a potential photosensitizer. Electrochemical studies indicate that electron transfer between the two moieties of 1 is thermodynamically feasible and consistent with the oxidative quenching of the excited ZnTPP* by the [FeFe]-cluster.
Experimental Section
General Experimental: Solvents and reagents were purified as follows. p-Toluenesulfonic acid monohydrate was purchased from Aldrich, dehydrated by heating at 100°C for 4 h under vacuum and recrystallised from CHCl 3 .
[40] Dry solvents were obtained and purified using a Pure Solv-MD solvent purification system and were transferred under argon. All other reagents and solvents were purchased and used as received from commercial sources. The following cooling baths were used: 0°C (ice/water) and -78°C (dry ice/ acetone). All reactions in non-aqueous solvents were carried out under argon in oven-dried glassware. [21] (7), 5,10,15-triphenyl-20-(4-amino)phenylporphyrin [24] [25] [26] (10), zinc 5,10,15-triphenyl-20-(4-amino)phenylporphyrin [27] + and M + . High resolution mass spectra (HRMS) were recorded on a Microwaters LCT TOF, Microwaters SynaptG26 or on Microwaters GCT Premier Probe using a leucine enkephalin-lock mass incorporated into the mobile phase. IR spectra were recorded neat on a Perkin-Elmer 100 FT-IR spectrometer.
UV/Vis spectra were recorded in a 1 mL quartz cuvette of 1 cm pathlength at 298 K on a CARY50 spectrometer. Wavelengths are given in nm, and extinction coefficients in m -1 cm -1 . Emission spectra were recorded on a Shimadzu RF-5301PC spectrophotometer with excitation and emission slit width both set at 10 nm and using 1 mL quartz cuvette of 1 cm pathlength; wavelengths are given in nm.
[Fe 2 (CO) 6 (1,8-S 2 -2-CH 2 -N-(ZnTPP)-C 10 H 5 )] (1): To a solution of amine 15 (0.02 g, 0.02 mmol) in CHCl 3 (11 mL) Zn(OAc) 2 ·2H 2 O (0.01 g, 0.06 mmol) was added in one portion at room temperature and the reaction mixture was heated under reflux for 1 h. After this time TLC analysis (7:3, CH 2 Cl 2 /hexane) indicated total consumption of 15. The reaction mixture was cooled down to room temperature and the solvent evaporated under reduced pressure. The residue was dissolved in toluene (11 mL) and Fe 3 (CO) 12 (0.01 g, 0.03 mmol) was added in one portion at room temperature and the reaction mixture was refluxed for 3 h under argon atmosphere. The solvent was removed under reduced pressure and the residue purified by column chromatography (CH 2 Cl 2 ) to give complex 1 as a bright purple opaque solid (0.008 g, 33 %). [Fe 2 (CO) 6 
(1,8-Se 2 -2-CH=N-(4-methoxyphenyl)-C 10 H 5 )] (3):
A solution of imine 9 (0.10 g, 0.24 mmol) and Fe 3 (CO) 12 (0.12 g, 0.24 mmol) in toluene (6.2 mL) was refluxed for 1.5 h under argon atmosphere. The mixture was cooled down to room temperature, filtered and concentrated under reduced pressure. The residue was purified by column chromatography (8:2, hexane/EtOAc) to afford complex 3 as a red solid (0.10 g, 58 %). [Fe 2 (CO) 6 (1,8-Se 2 -2-CH 2 -N-(4-methoxyphenyl)-C 10 H 5 )] (5): NaBH 4 (0.18 g, 4.79 mmol) was added in one portion to a solution of imine 9 (0.10 g, 0.24 mmol) in a mixture of MeOH/CHCl 3 (5:1, 11 mL) and the reaction was then stirred for 3 h at room temperature under argon atmosphere. The resulting bright orange precipitate was poured into H 2 O (51 mL) and the two layers were then separated. The aqueous layer was extracted with CH 2 Cl 2 (3 ϫ 20 mL). The combined organic layers were washed with brine (20 mL), dried with MgSO 4 and concentrated under reduced pressure to give the amine (0.10 g, 99 %) as a pale orange solid, which was used without further purification. A solution of the amine (0.10 g, 0.25 mmol) and Fe 3 (CO) 12 (0.13 g, 0.24 mmol) in toluene (6.5 mL) was refluxed for 2.5 h under argon atmosphere. The mixture was cooled down to room temperature, filtered and concentrated under reduced pressure. The residue was purified by column chromatography (8:2, hexane/EtOAc) to afford complex 5 as a red crystalline solid (0.09 g, 52 %). N-(4-Methoxyphenyl)-1-(naphtho[1,8-cd][1,2]dithiol-3-yl) 3050, 2996, 2951, 2832, 1600, 1572, 1520, 1503, 1494,  1430, 1316, 1289, 1243, 1205, 1183, 1144, 1105, 1058, 1031, 966 
Zinc (E)-N-(TPP)-Naphtho[1,8-cd][1,2]dithiol-3-ylmethanimine (11):
Zn(OAc) 2 ·2H 2 O (0.04 g, 0.17 mmol) was added in one portion to a solution of amine 10 (0.06 g, 0.09 mmol) in pyridine (13 mL) at room temperature and under argon atmosphere and the reaction mixture was refluxed for 1 h and after this time TLC analysis (CH 2 Cl 2 ) indicated total consumption of 10 and formation of zinc amine 16. The reaction mixture was cooled down to room temperature, added with aldehyde 6 (0.02 g, 0.09 mmol) and more Zn-(OAc) 2 ·2H 2 O (0.08 g, 0.35 mmol) and refluxed for 2 d. Pyridine was evaporated under reduced pressure and the residue purified by column chromatography (CH 2 Cl 2 ) to give zinc imine 11 as a bright purple opaque solid (0.08 g, 96 %). N-(TPP)-Naphtho[1,8-cd][1,2]diselenol-3-ylmethanimine (14) : La(OTf) 3 (0.01 g, 0.01 mmol) was added in one portion to a solu-tion of amine 10 (0.03 g, 0.05 mmol) and aldehyde 7 (0.03 g, 0.08 mmol) in toluene (6.7 mL) at room temperature and under argon atmosphere. The reaction mixture was heated under reflux and stirred for an additional 8 h. Toluene was removed under reduced pressure and the residue purified by column chromatography (CH 2 Cl 2 ) to give imine 14 as a purple crystalline solid (0.04 g, 75 %). R f = 0. , 1 H, HC=N) ; 13 X-ray Crystallography: Suitable crystals were selected and datasets were measured on an Agilent SuperNova diffractometer equipped with an Atlas detector for 2 (λ Mo-Kα = 0.71073 Å) and by the EPSRC UK National Crystallography Service [39] on a Rigaku AFC12 goniometer equipped with an enhanced sensitivity (HG) Saturn724+ detector mounted at the window of an FR-E+ SuperBright molybdenum rotating anode generator (λ = 0.71075 Å, Mo-K α ) with HF Varimax optics for 4. Both instruments were equipped with an Oxford Cryosystems Cryostream device with diffraction data collected at 100 K in all cases. An absorption correc-tion was applied using CrysAlisPro [42] using a numerical absorption correction based on gaussian integration over a multifaceted crystal model for 2. An empirical absorption correction was applied using CrystalClear-SM Expert [43] for 4. Both structures were solved by direct methods in SHELXS-2014 [44] and were refined by a full-matrix least-squares procedure on F 2 in SHELXL-2014. [44] All nonhydrogen atoms were refined with anisotropic displacement parameters. The hydrogen atoms were added at calculated positions and refined by use of a riding model with isotropic displacement parameters based on the equivalent isotropic displacement parameter (U eq ) of the parent atom. Figures were produced and some structural analysis was carried out using OLEX2. [45] 2: The structure contains two crystallographically-independent molecules. These are connected via a π-π stacking interaction between the naphthalene groups C(1)-C(10) and C(101)-C(110), with the angle between the least-squares planes through the atoms being 2.6 (2)°and the perpendicular distance between the plane through C(1)-C(10) and the centroid of the plane through C(101)-C(110) being 3.264 (7) Å (see Figure S4 ).
4:
The crystal was the best quality that could be grown but the diffraction pattern was subject to streaking and as such the refinement is somewhat poor. Electrochemistry: Electrochemical studies were performed with a CHI601B Electrochemical Analyzer. All measurements were carried out under argon at room temperature in dry CH 3 CN, with the exception of 1, where a mixed solvent system of CH 2 Cl 2 /CH 3 CN (7:3) was used because complex 1 is not soluble in acetonitrile, while AgNO 3 (the reference electrode) is not soluble in CH 2 Cl 2 . Tetrabutylammoniun hexafluorophosphate (NBu 4 PF 6 , 0.1 m in CH 3 CN) was used as supporting electrolyte. A conventional 3-electrode system was employed. The working electrode was a glassy carbon electrode (diameter: 1.0 mm). Silver/silver nitrate (Ag/ AgNO 3 , 10 mm solution in CH 3 CN) was used as an external reference electrode and a platinum wire was used as auxiliary electrode. Ferrocene was used as an internal reference. All potentials reported in this work are with reference to the Fc/Fc + couple. Cyclic voltammograms were recorded at a scan rate of 0.01 V s -1 . The range -0.8 V to -2.5 V, focusing on the wave, was also recorded at sweep rates between 0.01 V s -1 to 0.2 V s -1 , although the capacitive current of the carbon substrate was rather high at the higher sweep rates.
X-ray Crystal
All glassware was cleaned using a 1:1 mixture of ammonia and hydrogen peroxide followed by thorough rinsing with pure water.
Glassware was soaked in pure water for 12 h and then rinsed and oven-dried overnight. Water used throughout (including solution preparation and rinsing) was purified by a Millipore™ system (resistivity 18.2 MΩ cm, TOC Յ 5 ppb). The working electrode was prepared by polishing with aqueous slurries of successively finer grades of alumina powder (1 μm, 0.3 μm and 0.05 μm, Buehler), followed by rinsing and placing in pure water in an ultrasonic bath for several minutes, then dried in a stream of argon.
